. Neuropsychiatric symptoms in 921 elderly subjects with dementia: a comparison between vascular and neurodegenerative types.
• Neuropsychiatric symptoms were evaluated in a large sample of elderly subjects referred to a specialty clinical service. The most prevalent types of dementia (i.e. vascular dementia, dementia with Lewy bodies and AlzheimerÕs disease) were compared.
• Neuropsychiatric symptoms were evaluated with NPI, a validated, standardized and widely used instrument that was developed specifically for neuropsychiatric symptoms of dementia.
• Diagnosis of a degenerative type of dementia and its severity were independently associated with clinically relevant neuropsychiatric symptoms.
Limitations
• Neuropsychiatric symptoms were evaluated in a sample of elderly out-patients with low educational status who had mainly moderate stage dementia. Potential limitations are selection bias, reporter bias and whether results can be generalized.
• Residual confounders (e.g. use of psychotropic drugs, medical comorbidity and apolipoprotein E4 genotype) cannot be excluded, although most patients were not under treatment with antipsychotic drugs at the time of enrolment.
• Difference in prevalence of neuropsychiatric symptoms between data from this study and previous reports may depend upon sensitivity of instruments (NPI vs. other scales) and setting (clinical vs. population study).
Introduction
Dementia is characterized by changes in cognitive, behavioural, psychological and functional capacities. Although cognitive deficits and decline in daily functioning are, according to the Diagnostic and Statistical Manual of Mental Disorders (DSM IV-TR) (1), the main clinical features in the diagnosis of dementia, much evidence over the past decade has established neuropsychiatric symptoms (NPS) as fundamental clinical features (2) . NPS, which include behavioural and psychological symptoms, are associated with poor prognosis (3), excess disability (4), impaired quality of life for subjects and carers (5) , high levels of caregiver distress (6, 7) , early institutionalization (3) and increased direct cost of care (8) .
The frequency of NPS in dementia ranges from 25% to 80% (9, 10) , probably due to methodological differences and heterogeneous settings. However, previous studies have investigated mainly subjects with AlzheimerÕs disease (AD) (9, 11, 12) and few have been conducted in subjects with vascular dementia (VaD) (10, (13) (14) (15) or dementia with Lewy bodies (DLB) (16, 17) . According to previous findings, AD seems to be characterized by different behavioural syndromes (12, 18) , which include prominent mood symptoms (i.e. depression, anxiety and apathy), psychotic disturbances (i.e. delusions and hallucinations), agitation-related symptoms (i.e. aggression and irritability) and ⁄ or symptoms of behavioural dyscontrol (i.e. euphoria, disinhibition, aberrant motor behaviour, sleep and appetite disturbances). Depression, anxiety and apathy, as well as irritability and psychotic disturbances, have been frequently described in subjects with VaD (19) . Visual hallucinations, reported as diagnostic clinical features of DLB, are commonly observed during the course of the disease and may be the initial reason for referral; delusions, apathy, anxiety and depression are other NPS often associated with DLB (20, 21) .
A previous report of NPS in dementias showed that VaD and DLB have a higher frequency of NPS than AD, although results are discordant and most refer to small case series (13, 16) . Hence, the frequency of individual NPS in subjects with different types of dementia is still controversial.
Another important issue is the occurrence of NPS in the different stages of dementia (9, 11, 22, 23) . Mood symptoms generally develop early in the course of the disease, while psychotic symptoms and agitation characterize the middle to late stages of dementia. Some NPS, such as depression or delusions and hallucinations, have been investigated in depth with specific instruments in subjects with dementia; others, like apathy or wandering, less so. In the last decade, numerous studies focused on developing standardized comprehensive scales for assessing NPS in dementia. Among them, the Neuropsychiatric Inventory (NPI) (24), appears to be a useful, reliable tool for assessing a wide spectrum of NPS and the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) research program recently defined as clinically relevant a neuropsychiatric symptom that is severe enough to require treatment (NPI score ‡4) (25) .
Aims of the study
We characterized the frequency and severity of neuropsychiatric symptoms using the NPI scale in a large sample of subjects with dementia referred to a clinical center and compared vascular dementia with the two most common forms of neurodegenerative dementias (i.e. dementia with Lewy bodies and AlzheimerÕs disease). Furthermore, we evaluated the impact of severity and type of dementia on expression of clinically relevant neuropsychiatric symptoms.
Material and methods

Subjects
From January 2001 to December 2005, 1235 subjects with dementia, all living at home, were consecutively seen at the Memory Clinic, Centre for the Study of Brain Aging and Senile Dementias, University of Perugia, Italy. The diagnostic work-up included a complete medical history, clinical and neurological examinations, laboratory testing, and neuroimaging with computed tomography or magnetic resonance imaging of the brain. All subjects or next-of-kin provided written informed consent as requested by the local ethical committee. All subjects underwent a complete neuropsychological evaluation. This included the Mini-Mental State Examination (MMSE) as a measure of global cognition followed by a specific battery of tests -the Babcock Story Recall, the Rey Auditory Verbal Learning test immediate and delayed recall, the Corsi Block Tapping test, the Token test, the Category Naming test, the Controlled Oral Word Association test, the Visual Search test and the RavenÕs Coloured Progressive Matrices. For each test, details on administration procedures and Italian normative data for score adjustment based on age, gender and education as well as normality cut-off scores ( ‡95% of the lower tolerance limit of the normal population distribution) are available (26) (27) (28) .
The severity of dementia was rated using the Clinical Dementia Rating scale (CDR) (29) whose score ranges from 0 (no cognitive decline) to 3 (severe dementia). Functional status was measured by KatzÕs index of activity of daily living (ADL) (30) whose score ranges from 0 (complete independence) to 6 (total dependence).
The diagnosis of dementia was made according to the DSM-IV-TR (1). AD was then diagnosed according to NINCDS-ADRDA criteria (31) , VaD using the NINDS-AIREN criteria (32) , DLB according to DLB consortium criteria (33) , and frontal-temporal dementia (FTD) according to the Lund and Manchester criteria (34) . Physicians who performed the diagnosis were blinded to the results of neuropsychological battery and the NPI. Dementia was first diagnosed after a discussion among geriatricians (M.C., E.M.) who examined the patients, after collecting the history, performing the clinical examination, evaluating the laboratory findings and the results of neuroimaging. Results of MMSE, CDR and ADL were also used. A further evaluation was then made by neurologists (R.M., R.C.) who were external to the recruitment process. If first and second diagnoses did not concur, data were re-examined independently by a senior geriatrician (P.M.) who made the final diagnosis. Kappa statistics evaluated the reliability of diagnosis between geriatricians and neurologists (35) . As previously reported (36), combining NINCDS-ADRDA possible and probable AD categories (n = 68), there was a good interobserver agreement (kappa = 0.71).
One hundred and fifty-six subjects with dementia due to other general medical conditions (DSM-IV-TR code 294.1), such as head trauma, severe metabolic or endocrine diseases, brain tumour, normal pressure hydrocephalus and other neurological disorders were excluded as well as subjects with a history of alcohol or substance abuse or dependence, with uncertain dementia, with delirium and with psychiatric disorders preceding the onset of dementia. In this latter group, we included subjects with a DSM-IV-TR diagnosis of mood disorders, psychotic disorders and personality disorders requiring chronic treatment with psychotropic drugs started before age 60 (1).
One hundred and thirty-two subjects, who were diagnosed as having possible VaD, DLB, AD and FTD were also excluded from the study. Of the remaining 947 subjects, 131 subjects fulfilled criteria for probable VaD, 100 subjects for probable DLB, 690 for probable AD and 26 subjects for probable FTD. The latter group, being so small, was then excluded from data analyses, which refers to 921 subjects ( Fig. 1) .
Assessment of neuropsychiatric symptoms
NPS were evaluated by NPI (24), a fully structured caregiver interview with 12 sub-scales measuring the following symptoms: delusions, hallucinations, agitation, dysphoria, anxiety, apathy, irritability, euphoria, disinhibition, aberrant motor behaviour, sleeping and eating abnormalities. Each sub-scale has an entry question inquiring whether the disturbance had been present in the last month. If the answer is affirmative, the caregiver is asked to rate specific neurobehavioural symptoms within each sub-scale on a four-point frequency and on a three-point severity scale. Frequency and severity scores are multiplied for each sub-scale (composite score) and added together for the total NPI score. The composite score of each sub-scale ranges between 0 and 12, and the total composite score between 0 and 144 according to the severity and frequency of NPS. An NPI score of 4 or more for any symptom indicates clinical relevance and is considered entry criteria for treatment trials of dementia-associated NPS (25) . The scale has a high level of internal consistency reliability, inter-rater reliability and the test-retest reliability, and has been validated in Italian subjects (37) . As previously reported (37), inter-observer agreement on the presence ⁄ absence of clinically relevant NPS in subjects with probable AD (n = 46) was almost perfect between the two raters who administered the NPI (percentage of agreement for each NPI sub-scale ranged from 87.6% to 95.5%).
Statistical analysis
Demographic and clinical variables among groups were evaluated with one-way analysis of variance (anova) with post-hoc ScheffeÕs test for multiple comparisons and chi-square analysis followed by FisherÕs exact test, as needed. Frequencies of clinically relevant NPI domains (frequency · severity score ‡4) were also evaluated with chi-square analysis followed by Fisher's exact test. All tests were two tailed.
Logistic regression analysis assessed the association between each clinically relevant NPI symptom (dependent variable) and severity and type of dementia (independent variables).
Severity of dementia (CDR score) and type of dementia (VaD, DLB, AD) were analysed in two logistic regression models. The basic model was adjusted for age, gender, education and ADL score (expressed as continuous variables); then it was adjusted for all these parameters plus either type of dementia (model 1) or CDR score (model 2). Results are presented as odds ratios (OR) with 95% confidence intervals (95% CI). For all analyses, significance level was set at P < 0.05. Statistical analysis was performed with spss version 12.0 (SPSS, Inc., Chicago, IL, USA).
Results
anova revealed a significant age-effect between groups. However, Scheffe's post-hoc analyses did not reveal statistical differences between groups at pair-comparison. Education, MMSE and CDR scores did not differ among groups. Subjects with VaD and DLB showed a significantly higher ADL score than those with AD. The percentage of women was significantly lower in VaD and DLB than in AD (Table 1) .
Patients with VaD had a lower mean composite score in most NPI domains than DLB and AD, scoring significantly less in delusions, hallucinations, agitation ⁄ aggression, irritability and aberrant motor behaviour than patients with DLB and less in anxiety and aberrant motor behaviour than patients with AD. Subjects with DLB had significantly higher scores in agitation ⁄ aggression and disinhibition than those with AD and a higher total composite NPI score than subjects with VaD and AD ( Table 2) .
Clinically relevant NPS (NPI ‡4) were common in all groups. One or more were present in 84.7% subjects with VaD, 96.0% with DLB and 90.6% with AD. Subjects with VaD showed a lower frequency of clinically relevant NPS, with significant differences for hallucinations (vs. DLB), agitation ⁄ aggression (vs. DLB and vs. AD), anxiety (vs. DLB and vs. AD), irritability (vs. DLB) and aberrant motor behaviour (vs. AD). Disinhibition was significantly more frequent in DLB than in AD (Table 3) .
In VaD, only frequency of clinically relevant apathy and aberrant motor behaviour increased significantly with disease progression. In DLB, the frequency of clinically relevant delusions, hallucinations, disinhibition and sleep disturbances was significantly higher in subjects with moderate-severe dementia than in those with mild dementia. In AD, except for anxiety and depression, the frequency of clinically relevant NPS, increased with severity of dementia. Anxiety tended to decrease as dementia became more severe; depression was significantly more frequent in moderate than in mild or severe AD (Table 4) . Logistic regression analysis with mild dementia (CDR 1) as reference group showed that moderate dementia (CDR 2) was significantly associated with clinically relevant hallucinations, depression and apathy. Severe dementia (CDR 3) was significantly associated with clinically relevant delusions, hallucinations, apathy, disinhibition and aberrant motor behaviour (Table 5) . Logistic regression analysis with VaD as reference group showed DLB was significantly associated with clinically relevant hallucinations, agitation ⁄ aggression, anxiety, irritability, and aberrant motor behaviour and AD was significantly associated with clinically relevant delusions, hallucinations, agitation ⁄ aggression, anxiety, irritability, aberrant motor behaviour and eating disturbances (Table 5) .
Discussion
The present study provides evidence that frequency of clinically relevant NPS varies with the type and severity of dementia, which were independently associated with NPS expression. In this study, subjects with DLB showed the highest severity and frequency of clinically relevant NPS. Unlike VaD, neurodegenerative dementias, particularly AD, were associated with more frequent NPS as cognitive impairment worsened, thus confirming previous results (38, 39) .
To our knowledge, this is the first study to evaluate NPS in a large sample of subjects with the Values are given as odds ratio (95% CI). VaD, vascular dementia; DLB, dementia with Lewy bodies; AD, Alzheimer disease; NPI, neuropsychiatric inventory; CDR, clinical dementia rating. Logistic regression analyses were adjusted for: age, gender, education, ADL score and diagnosis (model 1); age, gender, education, ADL score and CDR score (model 2). Statistically significant results are reported in bold type.
three most common types of dementia using the NPI, a comprehensive, standardized widely used instrument (24) . Regardless of the type of dementia, these data confirm that NPS are very common in subjects with dementia who have been referred to a memory clinic. Concurring with previous reports on outpatients (11, 38, 40) , at least one NPS was found in about 90% of cases. Apathy was extremely frequent, being present in over 50% of subjects with any type of dementia, thereby supporting previous observations in VaD (19) , DLB (21) and AD (9) (10) (11) .
In this study, VaD was associated with a lower mean NPI score and fewer clinically relevant NPI symptoms than DLB and AD. Unlike these results, Lyketsos et al. (10) and Fuh et al. (41) found few differences in the frequency and severity of NPS (except for delusions and depression) in large samples of subjects with VaD and AD. Even though other studies (13, 14, (39) (40) (41) have reported depression, anxiety and ⁄ or apathy are more frequent in subjects with VaD, this study found a significantly lower frequency of anxiety in VaD than in DLB and AD but no differences in the frequency of depression and apathy. Concerning degenerative dementias, the severity and frequency of most disturbances were particularly evident in subjects with DLB, as previously reported (20, 21) . They were more evident than in patients with VaD and, except for disinhibition and agitation, tended to overlap with the pattern observed in AD. In AD, the spectrum of clinically relevant NPS was similar to previous reports (9-11): apathy was the most frequent behavioural disturbance, with a high prevalence of anxiety, agitation, depression; the least common NPS was euphoria.
Severity of dementia was not always associated with worsening NPS. In VaD, severity of disease did not impact upon frequency of NPS, except for apathy and aberrant motor behaviour, thereby confirming other reports (38, 39) . However, discrepancies in this study that reports that psychosis, depression and anxiety were more common in moderate and severe VaD (13, 14) , may in part be related to the relatively small sample size of the VaD group and to the focus of this study on clinically relevant NPS. On the contrary, in DLB frequency of delusions, hallucinations, disinhibition and sleep problems increased with severity of dementia. These data support a previous study reporting that in DLB NPS are related, although weakly, to severity of dementia (21) . Interestingly, in the mild stage of DLB visual hallucinations, which are one of its core features (33), did not reach the clinically relevant threshold. Unlike these findings, Ballard et al. (17) , reported depression, delusion, hallucination and delusional misidentification were equally common in different stages of DLB. Again, discrepancies are probably due to our decision to focus on clinically relevant disturbances. Indeed, when hallucinations -one of the core symptoms of DLB -were considered only as ÔpresentÕ (NPI score ‡1), they were found in 19% of patients with DLB at mild, in 34% at moderate and 41% at severe stage of dementia. In patients with AD, severity of dementia was most often associated with increased frequency of clinically relevant NPS, as reported elsewhere (11, 22, 23, 42) . Independently of disease severity and other confounders (such as age, gender, disability, that influence NPS) (22, 41, 43) , suffering from DLB or AD roughly doubles the risk of presenting clinically relevant NPS compared with VaD.
Discrepancies in frequency rates and severity of NPS across different types and stages of dementia may reflect differences in methodological and statistical approaches. First, they may be due to the differential sensitivity of instruments since other studies used scales other than NPI or CDR to evaluate NPS and dementia severity (14, 17, 39) . Second, this research focused on clinically relevant symptoms, excluding subjects with very mild NPS, so as to obtain robust observations on subjects who often need not only pharmacological but also non-pharmacological therapies. Third, differences in demographics could account for discrepancies since the study sample included elderly subjects, with a low-educational status and who were mainly at moderate stage of dementia. Lastly, the different study-setting (e.g. hospital based vs. population based) may explain the differences observed in the present study from those obtained at population level (10) .
Although psychological and social factors contribute to the onset and persistence of NPS in dementia (44) , the different profiles of clinically relevant NPS which emerged in vascular and neurodegenerative dementias may reflect the involvement of specific brain regions. For example, data collected using voxel-based morphometry showed that in neurodegenerative dementias, the presence of apathy was independently associated with tissue loss in the right ventromedial superior frontal gyrus, disinhibition with tissue loss in the right ventromedial prefrontal cortex, while aberrant motor behaviour with tissue loss in the right anterior cingulate cortex and left premotor cortex (45) . Furthermore, well-formed visual hallucinations in subjects with DLB have been related to density of Lewy bodies in the amygdala and parahippocampus (46) . In patients with AD agitation and aberrant motor behaviour were associated with a greater neurofibrillary tangle burden in the orbital-frontal cortex and apathy in the anterior cingulate area (47) .
On the basis of previous (41) and our results, it could be suggested that NPS in VaD probably reflect the variability of the location and the extension of ischaemic damage (cortical vs. subcortical VaD). On the contrary, these and previous data (41) propose that NPS severity in neurodegenerative dementias, particularly AD, parallel the progressive atrophy of fronto-temporo-parietal association cortices (48) .
Strengths of this study include its large sample size, the use of a standardized diagnostic procedure and adjustment for multiple potential confounders.
However, some methodological issues deserve mentioning. Caution is needed in extending these findings to the general population because the study sample was recruited in a specialized clinical setting, which might have introduced a selection bias. For example, we can hypothesize that subjects with VaD are less represented in our sample compared with some epidemiological studies because these patients have often a severe motor impairment and, consequently, major difficulties of being observed in an outpatient setting. Furthermore, due to the fact that NPI is a caregiver-based interview, reporter bias cannot be excluded. Dementia was diagnosed according to clinical criteria, with inevitably some uncertainty about the rate of misclassification. Without post-mortem confirmation, a standardized diagnostic procedure was used with a good between observer agreement, and clinical diagnoses were supported by brain imaging assessments. However, it must be acknowledged that current criteria for DLB have low sensitivity when Lewy bodies coexist with the pathological abnormalities of Alzheimer disease (49) . Although analyses were adjusted for major potential confounders, residual confounding (medical comorbidity, use of psychotropic drugs and apolipoprotein E4 genotype) (50-53) cannot be excluded. Concerning the use of psychotropic drug, however, all patients included in the study were at their first assessment and the majority of cases were untreated. Finally, the cross-sectional design of the study may not be optimal since behavioural disturbances can fluctuate and may not be present at every examination (54) . Moreover, due to the cross-sectional study design, a relationship between the type and severity of dementia and NPS expression can only be hypothesized.
In conclusion, the results of this study suggest that different types of dementias show characteristic behavioural profiles. In particular, NPS appear to be more frequent and severe in degenerative than in vascular dementia. The frequency of potentially treatable NPS increases with disease severity in degenerative dementias, particularly in AD. Longitudinal data on large samples of subjects are needed to evaluate the prognostic role of NPS in different types of dementia.
